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IIloVMidCAL   —  iilUiiOPii 

As   far   back  as   1347    (1)    it  v;as   believed   that   "Ejjj.'ptian 
Chlorosis''  was  due   to  a;ik:ylostoraa  found   in  the  small  intestine 
at  autopsy,        Jubse [uent    to   that   time,    there  have  been  many  reports 
of   the  finding  of  anlcylostoraa   in  anemic   individuals  and   their  pres- 
ence  has   been  believed   to  have   some  relation  to   tlie  causation  of 
the  anemia.       HO'.vever,    it  was  not   until  after  work  was  be^-uii  on   the 
3t.   Gothard  Tunnel   (2)    that   the   significance  of  this  parasite  in  the 
etiolotjy  of  both  endemic  and  epideinic  anemias  v«s  jeaerully  api-reci- 
ated.       Several  years  before  the  appearance  of  a   very  severe  and  fa- 
tal anemia  amon^  v/orkraen  enjjajed   in  tliis   tunnel  in  10:30,  Prof.   Grassi 
(3)   made  known  his  discovery  of  dia^jnosis   of  hookwom  infection  by 
microscopic   examination  of   the  feces.        Jhis  made  possible  a    thorout;h 
clinical  study  of  the  Jt.   'Jothard  epidemic.       liince   that   time  hookworm 
anemia  has  been  found   to   be  a    serious  menace,   ;iOt  only  iu  the   tropics 
and    sub-tropics  (^^neially   but  also   in  nines   situated   in  various   coun- 
tries of  the    temperate   zone, 

Perroncito,    (4)    to  whom  tlie  principal  credit    is  due  for  establisii- 
int;  the   true  etiolotr;   of   tiie  anomin  nnout;  workmen  enfjau-od  in  tlie  Jt. 


dothard  1?unnel,  also   aiiawed  hookwom  inioctioa  to  be  iirevuleiit  auon^; 
men  employed  in  various  raines  ol"  IluiOt^-ury,  iiardinia  and  Ljoutli  Central 
France.       About  this    time  hookwom  infection  v/aa   lilcev/lse  found   to  be 
quite  cormon  arnontj  briclcworkers   in    Jorrnany.        'Jiie   ori,:in  ol'   soil   in- 
I'estment   in  and  around   brickfiolas    {b)   vras    traced    to   iiiriii^Tiints 
(V.'alloons)   who  worked   in  the  raines  of   Seljium  durinij  the  v/inter  months 
and  raici'ated   to   (lor.nany  to   labor   in  tJie   brickfields  uurinj  the  sprint;, 
summer   and   early  fall.        la   1396   (G)    it  was  discovered   tluit  hookwom- 
infected  v/orknen  from  certain  Austrian  nines  were   carryinj  tiie   infesta- 
tion into   Jerman  raines.        .^nether  or  not    this  was   the  occasion  of  tlve 
first  appearance  of  the   infestnent   in  CJernan  mines  is  not  definitely 
known.       It   seems,  hov/ever,   very  probable  tliat  hookv/orra  disease  has  ex- 
isted among  miners   in  Hungry,  France,    3eljiurn  and  possibly  Gemany, 
for   several  centuries  at   least,    tlie  belief  beinj  tliat  former  epidenics 
of  anemia  amonf;  miners   in   these  countries  were   caused  by  hookworm  in- 
fection. 

In  aenr.any,    (7)    after    the  discovery  above  rjentioned,    steps  were 
taken  to  control   tlie  anemia  developing;  amonj  miners  by  the  provision 
of   sanitary  conveniences  and    the   treatment  of   tiie   sick,   incapacitated 
and  anemic.        -he  disease,  however,   continued   to  spread,   and  as  a   con- 
sequence, a   complete  hvijienic  profjrnm  v/as  adopted   in  190:5,    incluJiiif; 
the  discovf^ry  and  cure   of  all   infected  miners  whether  sick,  anemic, 
incapacitated  or  merely  carriers.       Vhis,    tiioujh  expensive  and   ti:.ie- 
consumin^',  has  proven   to  be    the   best  policy.        lnj\ustria,  wliere   in- 
complete measures   only  were  stterapteu,  anemia   is   jaid   to  liave  contin- 
ued  to   exist  amonts  ^0   to  90^i  of  the  workmen.        In  3olj\  .tj 
achieved   have   been  in  proportion   to   the   thorou;:imeas   of    lue   control 


campal^jns.       Circumstances  and  conditions   in  French  and  i^u^isii  mines 
seem   to  have'  been  more   favorable  for   tlie  control  of  nine  infeati.ient, 
and  as  a   result   the  application  of  more  or   less  incomplete  moasurea 
have  given  (^Tatifj'intj  results  in  control   of  ankylostonioais  anonc 
miners. 

CALI1'X)KIIIA 

The   specific  cause  of    the  auoiiin ,  known  for  ."ears   to  have  been 
exceedingly  prevalent  araonc'  miners  employed  alonj  t]ie  "Lothor  Lode", 
California,  vas  first  reco^-niced   in  1906  by  Dr.  F.  F.  Liprai;:ue  of 
Jackson,  v/ho  had  previously  seen  service   in  the  Philippine  Islands. 
It  V7as  he  also  v/ho  first   treated   Uiis  condition  successfully  at 
Jackson  and  endeavored   to  convince  his  collea£;ues  of   its  specific 
nature  and  curability.       Dr.  Z.  S.  Kndicott   (8),  healtii  officer  at 
the   time  of  Amador  County,  Calif.,  and  attendini;  3urj;eon  for  men  en- 
ployed   in  tv70   of  the  largest  jold  mines   situated  near  Jackson,    the 
county  seat,   follo-.ved   tne    lead  of  Di  .  iiprajue  in  tiio  correct  diajnosis 
of   these  anemias  and  achieve i  most  jratifyinj  results   in   tne   proper 
treatment   of   the   same. 

In  1909,   Dr.  Herbert   Gunn   (9),   representing  the   California   Ijtate 
Board  of  Health,  made  an  InvestiiTatiou  to  determine   tiie  extent  of  in- 
fection amon^  "Lother  Lode'  miners.       In  certain  ,:7:oups  of  minors,  he 
found  a  hijji.  percenta^je   sho^7inJ  on  abnormal  ilosionopiiilia ,    tiio  cause 
of  which  was  revealed  by  confirmatory  stool  examinations.       His  con- 
clusions were  as   follows: 

(1)  irook\vonn  disease   is  endemic   in  certain  mines  of  California. 

(2)  From  50*  to  QO',l  of   tiiose  workin^;  in  these  nines  are  ini'octed. 

(3)  "he   infection  unaoubtedly   is   present  in  [iractically  all   the 


i 


tjold  mines   of  Calirornia   and    in   tiioao   of  "ovudn.    Just   avor 

the  border. 
No  further  attempts  at   iavostitjation  or  cantrol  of  niiicyloatoniuaia 
araone  California  miners  v.-orf  made  until   l'jil6,  when  the  California  Dtate 
Board  of    lealth  in  cooperation  v/ita  the  Fedoral  Juroau  of  Lines  a..d    tine 
Industrial  Accident  Comnissian  of  California  a^jreed  upon  tlie  follov/inc 
procrani: 

1.  To  encourage   the    superintendents  of  tiie  various  Mines   to  cooi^er- 
ate   in  the  canpaijn. 

2,  To  examine  fecal   speci^neas  from   the  :-ainer3  and  'ieteminc   the 
percentage  of  infected  miners. 

3.  To  reach  an  agreement  with  superinifinucnts,    tiiat  all   iiu'ectpd 
men  must  be    treated, 

4,  To  make   re-examination  of  all   treated  men, 

5,  To  issue   "Hooicworm  Certificates.  ' 

6.  To  eventually  re-examine  all  California  miners. 

The  results  of  work  conuucted  alonjj  these   lines  by  CuiTiini;  and 
V/hite,   representing  respectively  the  California  Utate   3oard  of  Health 
and   the  Federal  3ureau  of  l.Iines,  were  published  in  1917  by  Uie  U.  J. 
Bureau  of  I.:ines    (Deot.   of  tie   Interior)    in  Bulletin  139,   entitled 
"Control  of  h'ookwom  Infection  at    the  Deep  CrOld  I,:inos  of   the  Iiother 
Lode,  California".     This  report  is    lost   interestin/^  statistically,   but 
not  very  convinciiog  rejardin^;  endoraicity  and   the  actual  control  of   the 
infection  among  workmen. 

In  October,    1916   (the  v/ork  of  Cuiaraint;  and  './liite  iiaviiii;  been  con- 
ducted uurinj  the  3prin{-  and  early  L.uniaer  of   this  year),   tlie  work  of 
investigation  and  attempts  at  control   of  liookwor-    n\  :o:.r.f,  .•>■".. in. •  nluora 


was  continued  b.v   the  CalirornlQ  Jtate   3oarcl  of  Ifealth  undor  the  direc- 
tion  3f  Dr.  Cununiu^;.       Ilowcvcr,    owlnj  to  labor  conditions,    it  aeened 
impractical   i  inediately   to  resume  activities  aloui;  tne  'Uotiier  Loae". 
It  was,    therefore,    decided    to   first  mike  a    survey  of   tiie   Grass   '/alley 
Gold  ;.iininc  Ltistrlct,  v;iuch  is   simiLirly   situated   in   the  ■..'eatorn  foot- 
hills of   the  jierra  Nevada,   sane   GO   or   70  miles  uortliv/ost  of  Ar.iador 
County,   in  v/iiicii  the  deepest   'l.lother  Lode"  mines  occur.       Tiiis   juxvey 
was  completed  durin^;  the   latter  part  of  Iloveraber,   191G,  and  resulted 
in  the  finding  of  but   two   infected  minors  out   of  a    total  of  some   1,400 
workmen  examined   (one   of   these  men  vras  knovm   to  "nave  formerly  v/orkod 
in'tlother  Lode"  mines. 

In  December,    1916,    the   labor   situation  had  iiqjrovod  sufficiently 
to   justify  the  resumption  of  our  work  among  "Ilother  Lode"  minors. 
The  remainder   of   this  paper   is  concerned  with  a  discussion  of  factors 
influencing  enderaicity  of  hookworm  disease   in  mines  anJ    lae  results 
of  related  observations  and   experi  lents  made  b^^  me  during  the  v/inter 
and    spring  of   1916-17.       Statistics   as   to   the   incidence  of   infection 
among  men  engaged  in  the  various   "Llother  Lode"  mines   surveyed  in  1916 
and   1917  are   shown  on  the    tables  here  displayed.        riie   significant   re- 
ductions  in  percentages    that  qfpear  so   striking  in  some   instances  are 
not  due  primarily  to   the  effects   of   treatment  but  rather  to   the  marked 
turnovers  in  labor  resulting  from   the  general  strike  whicii  occurred  in 
the  fall  of  1916.       li   re -examination  of  some  40  men  found   to  be  ini*ectod 
before   the   strike  and    treated   one    jr  more   tines    showed  n  iiuc.i   loss  re- 
duction in  percentage   of   infection   tiaan   is   indicated  for  Line   "A",   given 
at   the  "nead  of  Table  I  and  also   in  ttio   lower  Jialf  of  2ablr  11. 


FACTOUa   IlIFLUKUClIia  ElTDllIlCl'JY  UP 

The   time  allowed  for    the  reading;  of  papors   in  cocLion  neotiu(;a 
is   ;:uch   that   only  a    brief   resume   of  viy  original  uiscuaaion  on   tiieae 
points   can  be  attenpted.        In   this  article,  waic.i  has  not   yet  boon 
publislied,   factors   influencintj  enderaicity  which  depends  on  Infest- 
ment  of  mine   soil  and  water  v/itn  hook-.;orrn  larvae  are  considered  un- 
der four  headinjjs  as  follows: 

•A\3LE 

Detailed  Results  of  Diai,-nostic  Jurveys  for 
Hookwona  -  Curr?.in(5  and  ".'/hite   (10),    IJlti, 
and   the  Author,   1917 


Number 

llujnber  Found 

Per  Cent 

Ll.ine 

Year 

Kxaminod 

Infected 

Infected 

A 

1916 

158 

95 

60 

1917 

303 

35 

11 

B 

1916 

^92 

47 

16 

1917 

370 

30 

0 

C 

1916 

171 

114 

67 

1917 

101 

20 

28 

1 

1916 







1917 

58 

6 

14 

D 

1916 

57 

2Z 

39 

1917 

52 

44 

46 

J 

1916 

«_ 





1917 

57 

9 

16 

£ 

1916 

56 

13 

23 

1917 

46 

1 

2 

F 

1916 

29 

6 

21 

1917 

31 

3 

10 

G 

1916 

121 

40 

33 

1917 

114 

8 

7 

K 

1916 



— 

— 

1917 

42 

2 

5 

H 

1916 

65 

26 

31 

1917 

76 

11 

14.5 

L 

1916 

— 

— 

— 

1917 

125 

16 

13 

u 

1916 



— 

— 

1917 

32 

0 

0 

H 

1916 



— 

— 

1917 

85 

6 

8 

0 

1916 

— 

— 

— 

1917 

103 

5 

5 

P  1916  —  ~  — 

1917  113  0  0 

q  1916  -____- 

1917  28  0  0 

H  1916  —  —  — 

1917  34  9  26.5 


Total 

1916 

969 

363 

36,2  Av. percent 
for  6  mines 

Total 

1917 

1770 

195 

11.9  Av.percent 

for   18  mines 

number 

number  r'ound 

Per  Cent 

Mine 

Year 

Examined 

im'ected 

Infected 

A 

1916 

37 

3 

8 

1917 

53 

2 

4 

B 

1916 





— 

1917 

94 

2 

o 

C 

1916 

28 

1 

4 

1917 

8 

0 

0 

I 

1916 

1917 

__ 

._ 



D 

1916 

13 

3 

23 

1917 

— 

-» 

— 

J 

1916 



— 

— 

1917 

14 

0 

0 

E 

1916 

— 

•^ 

— 

1917 



_ 

— 

F 

1916 

18 

2 

11 

1917 

12 

0 

0 

6 

1916 

27 

4 

15 

1917 

24 

1 

4 

T 

1916 



__ 



1917 

17 

1 

6 

H 

1916 

14 

1 

7 

1917 

19 

0 

0 

I. 

1916 

«_ 

— . 

— 

1917 

15 

1 

6.5 

U 

1916 



— 

— 

1917 

13 

0 

0 

N 

1916 

— 

1917 

27 

0 

0 

0 

1916 

__ 

_ 

— 

1917 

9 

0 

0 

P 

1916 



_- 

— 

1917 

60 

0 

0 

4 

1916 

_— 

— 

— 

1917 

12 

1 

8 

H 

1916 

— 

— 

— 

1917 

— 

— 

— 

Total  1916       137  14  11.3  Av.percent 

for  6  nines 

Total  1917  377  8  2.1  Av.percent 

for  14  nines 


X,      ^einpcratort*,   Toxative   huiniaiLy  and   ventilation. 

2,  iline  drainot;e  and  laetjiods   oi"   collection  and   renoval   oi" 
mine  water. 

3,  Chenical  cotnposi tion  of  nine  water. 

4,  Lllne   sanitation  with  particular  reference    to   I'eces  and 
disposal. 

TaLPmATURE,   iffiLATlYE  HUMIDITY  AlID  '/KIKJILA'JIOII  -  Under  mturol 
conditions,    the  most   suitable   tenporatures  for  ji*o;vth  and    saprophytic 
development   of  hook'.-xjrm  embryos  to    the   infective  larval  stage  are  be- 
tween 65°  and  05°  F.      (    18°  and  30°  C.)      3elo\v  this  raajje  of  tempera- 
ture growth  and  development  are   slow;  above   tJiis  range  grov/th     and  de- 
velopment are  rapid  but   the  eggs,   embryos  and  larvae  are  very  apt  to 
die.       In  the  laboratarj;  under  artificial  conditions,  good  results  can 
be  achieved  if   temperatures  from  :i5°  to   30°  C.  are  maintained.         ?he 
average   temperatures  of  only  a  few  of  the  mines,   included  v/ithin  the 
scope   of  ny  observations  and  studies  of  hookv/orm  infection  among  Cali- 
fornia  miners,    fell  below  a    temperature   generally  considered  necessary 
for  normal   growth  and  aevelonment   of  hookwona  embryos  and   larvae. 
Similarly  it  may  be  said  regarding     both  limits  of  temperature  above 
mentioned   that    there  was  no  mine   in  some  parts   of  which  conditions  of 
both  temperature  and  relative  liumldity  were  not  favorable  for  the  es- 
tablishment  of  endemic   foci,  assuming  all   other  necessary  favorable 
conditions    to  have    been  present.        As    to   relative  humidity,    it  may  fui-- 
ther   be    saic    in  general    that    the  humidity   in  all   these  mines  vms   uni- 
formly high. 

Without  going   into  more  detail  under    tiiis  heading  it  must   suffice 
to   state   that  effective   ventilation  tended,   as  v.oiild   bo  expected,    to 
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materially  reduce   both  tiie      under, ,TOun'i    tornijeraturoa  mid   relative 
humidities.        ;ro\rever,    jood   ventilation  was    tlie   exception  anu  not   the 
rule   in  "^:other  Lode"'  mines.       './here  ventilation  \vo3  el'iVctive  coini)or- 
atlvely  low  decrees  of  infection  amonj  the  men  appeared   to  bo    the  case. 

METHODS  OF  COlLKCriON  AID   .miOVAL  OF  I.lllffi  VttTEH     -     A    stud.v   of 
mine  drainace   and  methods   of   collection  and   renoval   of  nine  wciter 
proved  to  be  most  interestln,^  and   instructive.        In  addition  to  drain- 
age along  the  floor   levels  of  mines,    it   is  necessary  also   to  consider 
leakage  from  one  level  to  another   throu£^  fills  and  conjiections   a  icli  as 
shafts,  win::es  and  raises.        '^aese  are  all  very   iiiportant   factors   in 
the  possible  dissemination  of   larvae  from  infested   localities,  '.rnetaer 
the   infective   larvae  are  caut;at  up  and  transported  b,v  water  as   it   is 
drained  off  from  infested  areas  or  %^*iether   the  collected  drain  wcter 
is   supplied  more  directly  with  larvae  hatched  from  ova-iadeu  feces 
through  the  use  of  water  coliectinc  dfvices  for   toilet  conveuieuces, 
seemed    to  make  little  difference   in  the  ultimate  dissemination  of  lar- 
vae.      Attempts   to    intercept  hoolcwon.i  larvae  vAiile   beinj  carried   by 
mine  drain  water  prov«u  unsuccessful.       Ilovrever,  periodic  obsorvatioiis 
on  the  dissemination  of   larvae  hatched  from  inl'ested  stools  deposited 
along  a  mine  drain  gutter,  as   Ljhotm   in  Illustration  I,    indicate   the 
important   role  v/hich  mine  drain  water  may  play  in  tiie   distribution  of 

infective   larvae. 

(11) 
Boycott  and  ITaldane,  vfho  investigated  ankylostomiasis  anoiv; 

Cornish  miners   in  1903-1904,  mention  tlie  use  of  the  pump-ciatems  by 

the  men  for   receiving  their  evacuations  and  think  "their  use  for  this 

purpose  less   open  to  ob,iection,    since   the   feces  are  puiqjed   to   tiio  sur- 
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face  whore   then.'  can  probably  da  no  iuirm."        They    3tatti   rurtiver   tliat 
"running  water  is   said   t3  prevent,    in  any  case,    the  ueveloi)ment  of 
ova."       These  statenents  are,  however,    contrary  to  ny  observations 
and  experience.        In  nines  viicre   the   sumps  were   30  used,    the  liit;heBt 
decrees   of   infection  wore  founa   to  exist  anonc  the  underirround  work- 
men.       Likewise   the   clinical  histories   of  cases  pointed  quite   clearly 
to   the   infested  sumps  as   the  most  probable   sources  of  hijh  dotrreea  of 
infection  amonj  the  workmen.       ..unninc  water  did  not  appear  in  any 
way   to  prevent   the  development  of  larvae  from   tiie   ova.        r'urtlierrnore, 
as  already   intiiated,    in  addition   to  not  preveutiut;  develoinent   of 
the   larvae,    running  wa ter  undoubtedly   serves   bota   to   distribute  and 
collect   larvae  from  points   of  origin.       Evidence   on   this  point  will 
be  presented  a   little  later. 

In  case   of  one  mine    {  i.line   3  in  Taole  II    )    situated   in  tiie  very 
center   of   the   enuemic  area,   a  comparatively   lov;  aejree   of   infection 
was   upon  examination  found   to  exist  amontj  the  underjrou.id  wortxien  en- 
gaged  therein.       V.'ithout  a   careful  survey  of  past  ajid  present  netlious 
of  feces  disposal   in  conjunction  v;ith  the  particular  method  of  collec- 
tion and  removal  of  the  mine  drain  water,  a   satisfactory  explanation 
of  this   apparent  anomaly  would  have  been  difficult   if  not   impossible. 
In  brief,    it  vqs  f  ou  id   that   the  men  defecated    into  v/ooileu   taiil:s   or 
exit-pipes   leadiniT  from  the    same,  v/hich  '.-.-ere  completely  emptied  at 
least  once  a  day.       The  use  of   3i)ecial  vmter  hoisting;  skips   in  a   ver- 
tical shaft  favored  the  removal  of  the  v/ator  containin<j  ova-laden  feces 
with  a  ninlraum  anou.it  of  shaft  contamination.       '.«'itn  these  eiiceptiona 
the   circumstances   incident   to   tne  operation  of  and  conditions  existing; 
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in   this  mine  were    [uite   aimllar   to    tiiose  found   in  neit^borint;  mines 
where  a  hl(jh  deijree   of  hookwom  Infection  existed  anonir  the  under- 
ground workmen. 

CIIHvIlCAL  COLPOoITlON  OF  MINK  ./ATEH     -     The   relation  of   the  chonii- 
cal  composition  of  nine  water   to   the  prevalence  of  lioolcworm  infection 
among  the  woi-lonen  presented  another  interestinc  problem  in  ray  investi- 
gations.      In   case  of   two  neighboring  tjold  nines  and  a  nearby  copper 
mine  which  was  also   included  witiiin  the   sphere  of  our  activities,    sur- 
prisinf^ly  low  percentafjes  of   infection  v/ere  found  anonc  v;orlanen  en(;Qt;ed 
therein.       Average   sanples   of  drain  v«ter  from  the   tv;o  i;old  mines   in 
nuestion  shovred  about   1  ,"!  chlorine  and  a    representative   sample   secured 
at  the  copper  mine  showed  1.6  )j  chlorine  as   sodium  chloride  ana  a  corre- 
spondingly high  per  cent  of   the  sulphate  radicle  iron  and  copper, 

Durintj  the  course   of   their  investigations   in  Cornish  mines,   Bovcott 
and  Haldane  also   found  hoolcworra  infection  rare  anont;  Uie  -.vorknen  engaged 
in  one  mine   the  workings  of  which  extended  beneath  tlie  sea  and  into  which 
sea   water  percolated.       Frequently  specimens  of  drain  \TOter  from  this 
mine    showed   less   than  1  >'  of  chlorine  as   sodium  chloride.       In  discussing 
the  action  of   disinfectants  on  hookwom  larvae,    these   investi^jators    (lii) 
point   out   the   necessity  of  carefully  distinguishing  the  stages   of  growth 
of    the   larvae   in    luestion.       Upon  emergence   from   the  efjg,    tney  are  reoaily 
killed  by  comparatively  weak  germicides,   but   if  given  favoraolo  conditions 
of   tenperature,  moisture,   abundant  food   supply  and  freedom  from  contact 
with  deleterious    substances  until  encapsulated   in   the   second  moult   skins, 
then  these    so  called  ''encysted   larvae'  manifest  greatly  incre^ised  po\7Br8 
of  resistance   to  adverse  coiiditions  and   substances. 


Accordinij  to   both  Llaiiouvrles    (1")    azid  Calnette    (l-i),   nliu.  v/ntor, 
containing:  as  low  as  2  ,'  sodium  chlaride  appeared   to  have  been  efi'oc- 
tlve   in     preventing  the   infestraent  of  the  soil   in  I'rench  mines. 
These  authors  differ,  hov/ever,  as  to    the  practicability  of  artificial- 
ly  saltinjj  raines   in  order   to  prevent   infeatnont   of    tirie  aoil.        1   ara 
inclined    to  at^ree  with  CaLnette   retjardinj  t}ie  impracticability  of   tliia 
procedure  as  an  effective  control  measure   on  a    larjje   scale  for    the  rea- 
sons:     (1)    That   the  rapid  dilution  of  tlie  sodium  chloride  by  tue  mine 
drain  water  will  not  permit   of   the  maintenance  of  n    sufficient  decree 
of  concentration  and   (2)    in  viev,'  of  the  {jreat  total   lp:\;th  of  drifts 
and  cross-cuts   such   practice  would  entail  an  e:qienso  out  of  all  pro- 
portions  to  the   ob^^ect  desired   to  attain.       Hov/ever,    on  a   snail   scale, 
salting:  applied  to  limited  localities  v/ill  undoubtedly  prove  more  or 
less  effective.        In  order   to   secure  more   li^ht   if  possible   on  the  ef- 
fects of   the  chemical   environment  on  the  liatchin^j  of  hookworm  ova  and 
development  of  the  larvae  resulting  therefrom,  experiments  v/ere  deviseu, 
approximatin£j  in  so  far  as  possible  actual  mine  conditions.     Accordintjly, 
typical   specimens  of  nine  earth  were   collected  which  seemed   to  represent 
the  variations  in  G'SOl^Cical  formation  and  mineral  composition  of  ore 
and  rock   that    it  was    tlioujht  miij^t  have  a  bearing  on   tiiis  problem. 
These  earths,   after  beinc  dried,  were  thoroujnly  sterilised  by  iieat 
anu  employed   in   two  sets  of  parallel  culture  experiments.        In  tl.e  one 
series   suitable   luantities   of  ova-laden  feces  and  mine  earths  were  iu- 
tl-r-^tely  mixed  and    cultured   in  a  moist  condition  at  ZB.b'^  C;    in  the 
other   series   the  feces  mixed  with  bone  black  {Loos  method)   v/ero   super- 
imposed upon  wafers   of  raiiie  earth,    the  whole   thoroutiily  moistened  and 
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cultured    In  a    slnilar  manner.       Vhe   results  oi"  t}iese    tv/o   aorlos   of 
parallel  experiments   seemed   to    justify  two  conclusions:      1.     Vnat 
chemical  mine    soil  enviroaaent  as   indicated  b;;   tne  chemical  constitu- 
tion of  mine  di-ain  water  exorta  a  marked   influence  on  hatohinfj,   crowtii 
and  development  of  hoolc./om   larvae,     a.     That  wnere  dei.terioua   sub- 
stances are  present   in  no  £jreat   quantity   the  attaiinent   of  maturity 
(second  moult   or  so-called  encysted  stage)    Is   insured  only  when  this 
stace  is   reached   before   contact  v:it)i  harmful   substances.        It  is  luite 
well   laio\vn   that  hookc-orm   ova  and   larvae   in   the  encysted   stat;e  are 
luite  resirtant   to  adverse  conditions  as   to  chenical   composition  of 
the   surrounding  medium.       This  experiment   is,  liov/ever,    too   limited   in 
scope  to  form    the  basis  of  any  s.eepinc  deductions,   but  it  does  apjiear 
to  indicate  at  least  that  "hen  the   formations  are  of   such  &  nature  as 
seriously  to   load  the  drain  vraters  with  acid  radicles  such  as  chlorine 
or  sulphate   in  combination  v;itii  sodium,    iron,   copper,   etc.,    that  hook- 
worm larvae  v.'ill,  vdth  difficulty  be  able   to  reach  maturity  under  nat- 
ural conditions  and  the  small  jjercent  which  may  arrive  at   the   infective 
resistant   stage  will  have  less   opportunity  of  surviving  long. 

LUKE  SANITATION  .VITH  PAilTICULAa  HEEilHEIIGK  IX)  FECEa  DIJPOU«L.      It 
is  an  u-fortunate  fact   that  the  threat  majority  of  responsible  persons 
engaged   in   the  mining  industry,   iiave  failed  until  very  recently  to  rec- 
ognize  the   i'TOOrtance   of  underground  sanitation.       Only  conijarotively 
few  companies  can  boast  of  having  given   this  matter  the  attention  wtiich 
it  deserves  until  faced  by  an   increasing  prevalence  of  anemias  duo  to 
hookv/om  infection.       Even  on  the   surface,    the   suppl"  of   toilets  iaas 
frequently  been  most  inadeiuate  and  cride.     Conse  mently,  althou<:h  miners 
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were   in  man:*   instances  expected   to  return   to  the  surface   to  defecate 
when  necessary,    the  usual  result  \vqs   that  tiie  men  for  sake  oi'  conven- 
ience and  to  avoid  discomfort,  esiiecially  in  cold  weather,  would  almost 
invariably  resort   to  abandjiied  or  uufre'iaented  parts   of    the  workin^js. 

Such  conditions  and  practice  were  far  fron   the  exception  in 
"Llother  Lode"  and  ad.iacent  nines  previous   to  iyi6.        In  sone   instances, 
somewhat  prior  and    in  most  cases   subse  luent   to  this   time,   very  i.  ipor- 
tant   improvements   in  the  disposal  of  feces  had   been  introduced  into 
many  of  these  mines.       However,    there   still   ronains  much   to   be  desired 
in  the  wa^  of  more  careful  attention  to  details  anu    the  onforcenent  of 
sanitary  rules.       rhere  are  nevertheless  notable  excei)tions   to   this 
statement  and  the  general  tendency  seems   to  be  in  the  desired  direction. 
The  greatest  difficulty,  encountered  on  the  part   of  mine   superintendents 
and  foremen  desirous  of  doing  all  possible   to  minimize  fecal  contamina- 
tion of  mine  soil,    is   the  periodic  collection  and   removal  of  accumulated 
excreta   by  transport   to   the  surface.       Host  men  are  unwillintj  to  do  such 
service  even  \'*ien   inducements   such  as  eiitra  pay  or  shortening  of  tine   on 
duty  are  offered. 

In  England    (15),    it  vras  tiioufjht  t.iat   si:iple  prophylactic  measures 
sufficed   to  eliminate  ankylostomiasis  as  an  "industrial   inconvenience" 
among  miners.       ""he   scare,    it   is   said,  accomplished   the  greatest  i^-ood 
in  bringing  much  needed  i nprovenents   in  mine  sanitation  and   thereby 
safeguarding  the  future.        It   is  furthermore  believed  that   fae   outbreak 
in  Cornwall  froved   the  general   irraunity  of  most  mines  in  Lnjland   since 
there  had  been  free  an^    fre  ment   interchange   of  men  between  the   inl'ost- 
ed  mines   and  mines   located  else\7here   in  linjland.        it   is  also  contended 
that   "As   far  as    the   infested  mine   itself   is  concernod,    it  uoos   not   seem 


that   the  benefits  which  have   been  coined   in  './estphalia    (Gemaai:;)    are 
greater   than  those    in  Cornwall  to  a  degree  at  all  cormenaurate  v/ith  the 
enormous   sums  of  monej;  which  have  been    spent  on  neUical  eztaniiiation  and 
treatment  and   the  paynent  of  via^es    to  men  under   treatment. "      It   in  ad- 
mitted, hov«ver,    that  the    Jerman  system  has  the  threat  ad\&ntaije  vitliin 
a  few  years   of  largely  reducing  the  number  of  men  capable  of  carrying  the 
infection  to  fresh  places. 

Circunstances   and  conditions  regarding;  ankylostomiasis  among  Cali- 
fornia miners  are   in  many  respects   similar   to   those  reported  from  ilngland, 
The  description  of  Cornish  mines  as  gi^'en  by  Boycott  nud  Ha  Mane   in  writ- 
ing of   tiieir  investigations,  would  with    sli^-ht  alterations   serve    lulte 
v;ell  as  a  general  accou.it   of  "Llother  lode"  mines.       Likev.-lse,   the  11  ilted 
prevalence  of   the  disease     and  the  ease  of  reduction  of  incidence  by   the 
application  of  sanitary  measures  afford  striking  parallels.       Hegaraing 
the  freedom  of  other  groups  of  mines   of  California,  we  have    aot  full  in- 
formation,   but  sufficient  data  have  already    oeen  collected  to  Justify  the 
statement    that   tne  disease  had  probably  only  secured  an  endaalc  footliold 
in  some  of  the   deep  "Llother  lode"  mines.       ITo  evidence  of  endanicity  else- 
^ere   in  the    state,    either  in  mines  or  on   the    surface,  has  "oeen  found. 
State  officials  who  are   familiar  with  mines  tiirout;hout  the   state,   reiiort 
conditions  more  or    less  unfavorable  except   In  "Llotiier  lode"  mines.     Like- 
"^se^   the  examination  of   selected  groups  of  workmen  In  a   number  of   in- 
stances lends  further  support  to   this  statement. 

RESUITS  OF  0B3ERYATI01I3  AID  liOTiillUiiraS  III  L.IIIE  "A" 
1.     DISSEMINATION  OP  1AH7AE  IN  LIIKK.        Notwl thstanuing   Uie   rigid 
discipline  regarding  the  use   of  underi^rround  comodes   in  this  mine,    it 
was  found  that  men  occasionally  resorted,   for  toilet  purposes,    to  unfre- 
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quented  parts   of    the  mine  when   convenient  and   detection  seemed  un- 
likely.       Illustration  II    is   tyi:)ical  of  sucii   coiiaitlona.        In  one 
particular  cross-cut   stools  were   on  several  occasions  found  deposited 
at   intervals  alon^::  one  ed^e  of  the  drain  j^^itter,  as  depicted   in  Illus- 
tration I  already  referred    to.       Upon  nicroscoplc  exanination,    several 
of   these  v/ere  found   to   contain  an  abu  idance  of  hookworn  ova.       At  regu- 
lar  intervals  subsequently,    samples  were  taken  from  tlxcse   stools,   from 
the  surroundinc  earth  and  sediment  deposited  alon^;  the  euges  and   bottom 
of   the  drain  cutter  both   above  and  below  the  sites  of  oxcreraent.       The 
nematode   larvae  obtained   therefrom  were  observed  from   time   to    tine  and 
canpared  v/ith  those  derived  by  culture  from   thie    stools  as   oricinally 
fou-id,    i.e.,   before  larvae  had  been  hatched  from  the  ova. 

The  method  enployed  for  the  separating  of  hooknom  larvae  froon 
mine  earth,   consisted   in  placinj^-  the  earth  to  be  examined  upon  a  mediun 
ribbed  paper  filter  and  leaching;  with  v/am  \vater  from  ti.'ie   to   time,   per- 
mitting slitjht   drying  during  the   intervals.        This   seemea   to   be  a   I'airly 
satisfactory  method   of  securing  the  desired  segregation   of  hookworm  lar- 
vae.      As   to    just  how  effective   this  nietlaod  may  be,   1   cannot  state  since 
no  attempt  was  made   to   determine   this  point.       However,   this  may  be,   1 
had  no  difficulty  in  obtaining  hookworm  larvae  from  nine  earths  by  per- 
sistent leaching  v.'ith  warm  v;ater.       Lieveral  comion  earth  nematode   larval 
forms  also  came   through  the  filters  quite   readily  but  little   difficulty 
was   experienced   in  identifying  the  hookworm  larvae. 

These  observations   showed   that  under   t>ie  most  favorable  conditions 
which  v/aa   the  case   in   tl^is  cross-cut,    tixe    larvae  are  Jiatched  out  from 
hookworm  ova   in  a   fe-;;  uaya  anu   aoon  leave   the    stool,   being  fouad   in  the 
moist  parts   of  adjacent   surroundings,   particularly  close  to   the  ed(;ea 
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of    the  drainage  gutter  and  frequently  in  the  fine  aedlraent  accumulated 
on  the  bottom  of  the   sane.        In  all    instancea  such  larvae  had  apparently 
already  reached   the  end  of  the  second  moult   sta(.::e.       Tlio.v  v/ero   sornetinea 
quiescent  and  at   other   ti:.ies  they  were    luite  active   in  their  moverarnta. 
Concentrated   lijlit  and  heat  appear   to  stimulate  active  movaneiit. 

As    time  goes  on,   one  nay  demonstrate   the  presence  of  hoolnvonn  larvae 
at  increasing  distances  dovm  stream  from  the  point  of  origin.     Thus   it 
can  readily  be  understood  how  in  a   comparatively  short  tine,   thousands  of 
hoolw/orm   larvae   originating  from  a    single   stool  may  be   scattered  along 
drain  gutters  and  eventually  reach    the  shaft  v/here   they  raay  accumulate 
in   the  water  catdinent  and   storage  devices  or  be  scattered  still  further 
following  tJie  water  in   its   course  to  lo'.ver  levels   in  tiie  mine.       It   can 
also  be  easily  appreciated   tiiat    transport  of   such  infested  drain  vmters 
to   the   surface   in  open  "skips"  nay   soon  result   in  serious   infestneut   of 
the  entire   shaft  v^ere   sufficient  dampness  exists,  v/hicn    is   tlie  rule. 

These  being  tlie  possibilities  of  nine  soil  infestneut,  resulting 
from  one  limited  focus  of  infestnent   in  the  nine,  wiiat  nust  be   the  sun- 
total  resulting  from  promiscuous  defection  in  a  large  nine  with  its  nany 
ramifications  of  drift,   cross-cut,    rnlse  and    stops?       ouch  conditions 
previously  existed  in  'llother  Lode"     gold  mines.       Owing  to  ci  rcun3t:mce3 
and  conditions  highly  favorable  to    the  establishment  and  nainteiiaiice  of 
endemic  foci   in  some  of  these  mines,  hookwoira  infestinait  of  tiie  soil  early 
became  establlEhed.       These  facts  enable  us    to  account  for  tlie  reputation 
which  mention   of  the  'tlother  Lode"  mining  district  soons   in  general   to 
have  car.-ied  among  miners   and    -tIso    to   uiidorstand  v;hy  tlie   rank  and  file  of 
men  anployed   therein  were  drawn  more   largely  fron  classes   of  foreign  mine 
woi*kers  who   arc   not  at   all   careful  about    tiieir  personal  habits. 
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2.     INl^ECTION  OP  PUPPY  DOGJ  -  A3  an  ultl  nate  rneuua   of  detnrnlnlii<; 
the  presence.    Identity  and    Infective  nature   of  hookworm   larvae   obtained 
from  earth  collected    in   infested  mines,  an  attpmi:)t  was  nadr    to   infect 
very  younc  puppy-dogs   in   U»e  abandoned  cross-cut   in  I.ino  "A"  v.here    tiie 
observations   just  described  were  inade.       These  animals  wiiicn  wore  of   the 
fox  terrier  breed,  were   upon  several  occasions  adequately  exi:)03ed  to  mine 
soil   tl\oui:ht    to   be   infested  v/ith   hooiovom   larvae. 

Shortly  after    the  arrival  of   the  half  dozen  puijpy-docs   securea   for 
the  conduct   of  this  and  several   otiirr  experiments,  distpm])er  unfortunate- 
ly manifested   itself  amon{j  then.       ?lie   two   fox  terriers  apjiearinf;  to  be 
in   the  best  condi  tion  were  selected  for   this  crucial  e.iperinent.       ?he 
one  lived  but   12  days  after   the    last  eiqaosure  in  the  nine,  viiile   the   other 
survived   29   days.       At  autopsy   in  case   of  the  former,  a    small   immature 
nematode  worm  v.-as  found   in  the  upper  half  of  the   small   intestine.       'Jhis 
specimen  showed  clearly  the   two  pairs  of  teeth  characteristic  of  A.uuode- 
nale.       '2he  latter  anlral  yave  the  following  post-raortan  findings. 

"Rigor  mortis  not  yet   set   in.       Sli^i^t  sub-acute  ijif larimation  of 
stomach  and  duodenum.      3otli    luiit's   consolidated.        All   otiiei-  ortrans   in 
apparently  normal   condition.        In  the  middle  one-third   af  the  sr-«ll   in- 
testine,   there  v/ere   found  five  hooicvorms   (one  male  and  four  females), 
which  are  but  one-half   the  usual  sise.       However,   micrascopic  examination 
shovvs  mouth  parts   of  all  and   the  bursa   in  case  of  the  one  male  to  be  -.veil 
developed."      (niese  five   specimens  have  oeen  identified  by  Dr.  V/.VV.Cort, 
fDrnerly  Consulting  irelmintholO(,-i  st  to  th*^  California   otute    ioard  of 
Health,    and    subseTuently  by  Dr.  Allen  J.  LJmith,  Professor  of  Patiiology 
in   the  Lledical  School   of  the  University   of  Pennsylvania,  as  Ankylostoma 
duodenale.       However,    the  females   lack  evidence  of   sexual  maturity  as 


shovra   by  absence   of   identifiable  mature   ova    in   the  utorua.) 

Judging;  from    the  lenjth  of    tine   elapsing;  betv/eeu   iiil'ection  and   ueath 
in  case   of   the    second  aninal    (api>roxi:iately  four  v/ocka)  ,    it   aooiaa  moat 
probable  tliat   infection  was  by  mouth.     It   is  coi^orally  accei^ted   that  6 
to  9  or  10  weeks   is  required  for   complete  development  when  larvae  enter 
exclusively  by  way  of   the   skin,  while  two   or  tliree  weeks  leas  tine  is 
required  v;hen   they  enter   by  way   of   the  nouth.        Kurthemore,   the   stajje 
of  LTf-vth  in  case  of   the   one   specimen  secured  from  tlie  experinental  bni- 
mal  after   12  days  can  only  be  accounted  for   on  the  assuinption  that  en- 
trance of  the  original  mature   saprophytic   larva  vms  direct   tiirouiJi   the 
mouth  of   this  animal. 

The  above  experimental    infection  of  puppiea  v/ith  A.   duoden&le  proves 
conclusively   tliat  hooicvom   larvae,   capi>ble   of  infecting;  selected  younj 
puppies  and  beyond  a  reasonable  doubt  undert^round  workmen  also,  v/ere  pres- 
ent  in  this  cross-cut.       Lloreover,    the   siiTilarity  of  t;ei»ral   underground 
conditions  and   sanitation  in  otiicr  parts  of  this  nine   ("A")   and  contiguous 
mines   justifies  the  further  conclusion,   based   on  analo^jy,    that  hookworm 
infection  could  be  even  more  easily  acquired  by  the  uiidergroujid  workers 
(the  natural  habitat  of   the  adult  A.  duodenale)   as   long  as   infecteu  men 
continued  unrestricted  to   conr.iit  nuisances   in  these  mines   or  v/ere  permit- 
ted to  defecate  into  the  water     catchment   storage  devices, 
Iin-'iC'JIOi;  ALIONil  SURFACE  -.VDlUCEUli 
Vhe  existence   of  hook'.vom  infection  among  bricknakers   in  CJemany 
has  already  been  referred   to.     Owing  to   the   low  teni^eraturea  existiiig 
during  the  winter  months,    reinfection  of   tlio  brickfields  was  probably 
necessary  at  the  beginx.ing  of  each  warm  season.       As  a   couse  luonce   of 
this   and   other  circumstances,    connected  v/ith    oriCionaking,    tiie   earth  in- 
festment  appears   to  have    oeen  a    localised   one,   affecting  principa lly 
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those  employed   in   the  brickflelda  or   others  wlioae   occupatlona  neceaai- 
tated   trarapinc  over    the    sane  areas  as  ws    trie   case  witti    shephortia  at 
times  accordiutj  to  Leichenstern. 

At  mines,    infection  anon^  surface  workers  has  bren  found    to  be 
relatively   low  both  in  Gerirany  and  alonjj  the  "Llotiier  Lode".      Kuropean 
Investigations  state    that  not  over   1,'  of   iiil'ection  lias  been  found  anong 
surface  mine  employees  at  any   time.       Durinj;  the  period  of  my  work,   only 
one    infection  was  discovered,   the  origin  of  which  could  not  be   traced  to 
infested  nines  or  known  infested   surface   localities.       As  v.-as   tlir  case   in 
Germany,   no   instances   of  infection  vrere  fouiid  anonj  tJie  wives  ana   children 
of  miners   in  California. 

The  variable  temperature,   generally  low  "nuraidity,   abundant  sunlight 
and  comparative   sparseness   of  shade  throu(3hout  the  gold  ninin^j  districts 
in  the  Sierra  ITevada  footiiills,   are  all  factors  operating  against  t'le  es- 
tablisl-ment   of   endemic  foci    on  tae   surface   in  the  neif^iborhood  of  nines. 
There  was   not  lacking,  however,  a   supply  of   inl'ective  larvae  discharged 
with  drain  waters  from  infested  mines   during  1916  and   1917  and  previous 
years.        In  some  cases,    such  nine  drain  waters  hnd     been  used  for   irriga- 
ting gardens,   and    it  seemed  tiaat   u-ider  sucli   circumstances  some   infestmonts 
of   the   soil  miijiit  reasonably  have  oeen  exi)ected.       :io\.-Gver,    such  practice 
was   the  exception  and  not   the  rule.        If,   on  the   other  iiand,    sudi    ijifest- 
ed  mine  drain  v.-aters  had   oeen  used  e.:tensively  for  irrigation,    some   in- 
fections vould  i'lave  :no3t  probably  developed  among  otners   than  miners  dur- 
ing the  growing  season.       As  a  :.iatter   of  fact,  mine    orain  v/aters  \jere 
almost   invariably  discharged    into    tne   sjnall   streams,    tO(;et)»er  with  the 
stamp  mill   "tailings'*,  wnich  are  heavily   laaen  with  pulverised   rock. 
The  latter  accumulates  along  tne   banks   of   the    streams   iu  firm  dei-ogits 
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v;hlch   are  qulclcly  dried  bj.*  sun  and  wind,    thus  making  very  difficult  tiie 
existrnce   of  hoolavorm   larvae  carried  down  with  tliis  )iet»vy  aedinent  and 
fiiraly  incorporated   in  the   dryinj  and  iiardeninc  defjoaita  of   the  aane, 
HMJUtY  of  yPMCl^. 

Owing  to  the  lack  of  control  over  the  patient  duriiii:  the  com-se  of 
treatment,    it  was  found  ver:;  difficult  to  secure   apoclnena   of   the  auult 
worms  being  jaased.     However,  uurint;  the  re-survey  in  1917,   an  atteni;t 
was  made  to  collect  adult  worms  from  selected  men  employed   in  some  of 
the  nines.       V/hen  jiven  the   series  of  doses  of  medicine  witli  directions 
as   to  when  and  how   to  take  them,    the  patient  vqs  also    supplied  with  a 
gauze  net   (medium  mesh)    about  14  inches   s^iuare  v^iicnwas  provided  wit^i  a 
string  of  about   the   saae   length,   attahced  to   each  corner.        i)iese   strings 
were    secured  to  opposite  ends  of  two   snail  sticks,   each  about    ten  inches 
long,   vhich  were  interned   to  serve  as  handles  with  viiich   to   lift   the  net 
and  contents  from   the  bowl   of  the  toilet  and  wash    tiie  bull:  of   Uie  feces 
collectej   through  the  meshes  v/i  th  v«ter  b^^  alternately  elevating  and   low- 
ering the  handles  over  the   bowl   of  the  toilet.        In  case  of  one  mine 
where   there  v/as  a  dispensary  situated  near   t}ie"collar"of  the  main  shaft, 
the  placing  of  the  net  in   the  bov;l  of  the   toilet  and  manipulating  of  tlie 
same  rith  v/ater  afterwards  was  done   by  an  nttenuant,    the  vermil'uge  having 
been  administered  by    the  nine  physician.       '.rnere    the   treatment  \.'as   taken 
by    the  individual  at  home,  he  v/as  instructed  hov/  to   use  the  net  and   told 
to  wrap   it   (v;et)    securely   in  heavy  paper  after  washing  as  'ilrectod  and 
return   it   the  following  morning  to  a  place  desiijnated  at   tiie  nine. 

In  this  way,  uuriug  tiie  v/inter  and  siiring  of  1917,  70  adult  siircimena 
were  secured  from  l-^  different  miners.  One  of  tliese  mai  '..-as  a  Castilian, 
v,1io  bad  left  Spain  only  four  mouths  previously.     lie  siiowed  a  very  marked 


anemia  and  his   first  stool  after   treatment  contained  cousidcrably  more 
specimens  of  A.   duodenale    t)ian  v/ero  separated.     Only  oup   ^oclmeu  of 
Necator  amerlcana    (female)   '.ras   recured,   and   tuls  cane  from  a  patient 
showing  a   number  of  male   spociiend    of  A.   duodenale.        Tliis  \/ould    seera 
to   indicate   luite  clearly   that    the  prevailing  species  v/as  A.  duodenale 
and   that  N,  araericana   only  occurred  in  an  occasiojial  case.       Out  of   tlie 
63  Identificable  specimens,    39  v/ere  found   to  be  males  anu  24  females, 
thus  f  ivinc  a   decided  predominance   of  males.       'The    lar(;c<3t  number  of 
specimens   secured  from  one    individual  was  20,  v/hich  indicates   tlie  com- 
parative  low  degree   of   inl'ection  eicistint;  arnonc  the  men  at   this    time. 
During  the    course,  however,    of  the  first  diagnostic   sui-vey  nade  by 
Gumming  and  V^Tiite  in  1916  and  previously  according  to   tlie   testimony  of 
local  mine  physicians  and  others,    the   infection  must  fre  luently  have 
been  much  more    severe,    judging  both  'oy   the  accompanying  anemias  and  num- 
ber  of  adult  worms,    said   to  have  been  found    in  the    stools  passed  after 
the  administration  of  tne  vermifuge,  which  was    tnjiaol  in  practically  all 
cases   treated  at  those  tines. 

3E3ULTo   OF  'JPJii'JLIEn? . 
The  marked  reduction   in  both   the   total  percentages   of  men   infected 
and   the   severity  of   individual  inl"ections  already  alluded  to  v/hicJi   occurred 
during  the  interval  of  six  months  elapsing  bet\7een  tlie  diagnostic  surveys 
of   1916  and   1917,  may  be  attributed  lari^ly  to  changes  in  and  instability 
of  labor  brought  about  by   the  general   strike  whicii   occurred  durin<_:  the  fall 
of   1916.        Treatment   of   infected  men  could  have  had  comparatively  little 
influence  as  a  factor   in  bringing  about   tliis   reduction,    since   only  a   small 
percent  of   infected  men  sutinitted   to  treatment  v/iiicn  coulu  not  be   controlled 
owing  to    the   lack  of  autiiority  and  disi^ensary  facilities.     ""«^    rn-id    turnover 


In   the   personnel   reaultint;  from    the   voluntary  and    involuntary  exodua 
Of  old,   hlchly  infected  employees,   and    the   IrTportation  of  nov/  blood 
(larccly  free  of   infection)   does,   iiov/ever,    in  my  opinion,   constitute 
the  most  important  factor,  v.-hidi  will   supply  an  adeiuate  explanation 
of  these  quantitative  differences   in  dia^ostic  results  and  ajparent 
therapeutic   success,   otnervvise  most  difficult   to   accou  it  for.        i?he 
method   of  diagnosis,    namely  centrifUi.;ation  as  described  by  Currninf;   (16), 
was  follo'.ved  in  all  cases.       This   is  by  no  means  faultless  as  siiown  by 
frequent  comparisons  with    the  direct   slide  and   tjie  Loos  cultural  methods. 
Hor;ever,    tiie  possible  discrepancies  are  not   serious  v/hen   lar^e  numbers 
of  examinations   are  beiuG  made  as   has  been   shov^i   by  contrastinc  the   re- 
sults  of  the    1916  and    1917   surveys  v;ith    ttiose   of   subseriuent   surveys  made 
in  both   the  "Grass  Valley"  and  "Llother  Lode"  raining  districts.        In  the 
latter  diagnostic   surveys  the  culture  method  was  used  almost  altOi_,-ether, 
but  actual  statistics  are  not  available   to  the   author. 

Regarding  treatment  following  the  re-survey  made  by  me  in  1917, 
nothing  of  an  encouraging  nature   cau  be    said   since   it  v;as   conducted  as 
before  but  with  less  apparent  success.       Later  An}c;;lostomiasis   occurring 
among  miners  of  California  was  ;nade  a  compensable  disease  by   the  Ijtate 
Industrial  Accident  Commission  and   the  management   of  the  ijtate   Insurance 
Fu.id  agreed   to    treat  all  discovered  cases  under  superviaion  until  cured 
of    the   ini'ection. 

3Ti:iIARY  AND  CONCLUJIONJ. 

1.  Anemia  formerly  so  common  among  'llotlier  Lode"  miners   in  Cali- 
fornia  has  been  shovm   to  be  due  almost  exclusively  to  hookvfljrm  Infection. 

2.  The  California   State    3oard  of  Health,    in  cooperation  with   the 
Federal  Bureau  of  Mines,   uidertook  a   systematic    survey  of  'T-lotiier  Lode" 


miners   in  1916,  whidi   resulted   in  denonat rating  the    seriousness  ol" 
hookwonn  disease  amonc  under^Tround  workers  in  tiiia  locality. 

3.  The    3urenu   of  Conrauni cable   Jiaeuses   of   the  Calif ornio   otato 
Board  of  Health  bosaii   in  the  winter   of   1916-17  a  nore  conprehonsivo 
survey  and  detailed    investigation  of  hooiCv/oiTi  infection  anonc  miners 
and   soil   infestment   in  various  mines  of  California  with  a   view  to    the 
control  and  ultimate  eradication  of   the   sane. 

4.  The  above  mentioned  survey  and  investigation  in  l'J16-17  viua 
conducted  by  the  author,  his  puri^ose  in  the  latter  beiuc  not  jnly  to 
throw  more  lijht  on  tiie  extent,  topoeraphy  and  "domic"  character  of 
the  disease  but  also  to  show  how  infection  may  be  disseminated  throut^ 
mines,  how  and  where  the  disease  is  usually  contracted  anu  to  establish 
the  apparent  fact  of  enuemicity  in  some  instances  and  its  absence  in 
ottiers. 

5.  The  results  of  the  author's  observations  and  investi{;atlon 
were  as   follo^ws: 

(a)  Endemicity  of  hoolcworra  infection  in  mines   is  dependent  not 
only  on  favorable  conditions   of  temperature,   relative  humidity,  mine 
drainage  and  chaiical  character   of  mine  drain  water    out  also   on  the 
particular  circumstances  and  conditions   existint;  relative   to  mine 
pollution  with  ova-laaen  feces. 

(b)  The  use   of  mine  water  catchment  devices  and   storace   tanks, 
reservoirs,   etc.,   to  receive   the  evacuations   of  men  while  underground, 
ma:'  b©  responsible   for  a  hit;h  incidence   of  ankylostomiasis  a.aoni;  work- 
ers. 

6.  Nematode   larvae,   resembling  hookworm  larvae  norpholoclcally, 
were   isolated   fran  mine    soil  in  a  certain  cross-cut   in  :ilne   "A",  and 


it  \vag  proved  subsequently  by  Infection  of  puniy-docs  in  tiiis  tiane 
locality  that  hookv/orn  larvae  capable  of  doveloiment  into  adult  A. 
duodenale  were  actually  present    in  the  mine   soil. 

7,  Ankylostomiasis  anonj  California  miners  has  centered  larcely 
In  a   few  of  the  deepest  iTold  mines   situated  alon^;  one   section  of  the 
"Mother  Lode"   in  Amador  County. 

8.  Surface   infection  did  not  exist   in  the  '^cinity  of  'llother 
Lode"  mines   since  practically  all   cases  of  ankylostomiasis  discovered 
anonc  surface  workers  were   traceable   to  contact   in  mines  with  infested 
mine  soil  or  drain  water. 
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